In modern society, the competitive success of countries is increasingly dependent on the effective management of their national innovation system (NIS). Therefore, understanding the mechanisms behind NISs has become essential. After reviewing the current understanding of the NIS concept and the existing measurement models, this study proposes to consider the NIS as an intangible (underlying) asset of a specific kind and identifies its seven fundamental components, which are extracted with a new measurement model, the Global Innovation Index (GII). This study employs the Structural Equation Modeling (SEM) techniques to analyze the relationships among the components of an NIS. Our results support the existence of a causal link between the constituents of an NIS and provide several perspectives regarding NIS management opportunities. In particular, we find that the efficient management of institutional capital is a key determinant of innovation success for non-high-income countries.
Introduction
In today's world, fostering innovation is essential to improving economic growth and competitiveness across countries (see e.g. Freeman and Soete, 1997; Gregersen and Johnson, 1997; Klenow and Rodriguez-Clare, 1997; Jaffe and Trajtenberg, 2005; Verspagen, 2005; Fagerberg and Srholec, 2008) . However, the literature seems to focus very little on the determinants of innovation and how innovation systems function in different countries. This study attempts to clarify how various countries develop and manage their innovative capacities.
Innovation capability of nations and its measurement
The OECD/ EUROSTAT (2005) provides the following definition of innovation: "An innovation is the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method in business practices, workplace organization or external relations" (p. 46). However, innovation is only a part of a more general process through which new technologies enter the market. According to Schumpeter (1942) , this process comprises three stages: invention, innovation, and adoption. Inventions are usually the product of R&D processes and represent only general ideas that may be commercialized in the innovation stage and then distributed on the market in the adoption stage.
The sequence "invention-innovation-adoption" can function efficiently only in the appropriate enabling environment, namely the country's innovation system. According to Gregersen and Johnson (1997) , "The main idea of the concept of innovation systems is that the overall innovation performance of an economy depends not only on how specific organizations like firms and research institutes perform but also on how they interact with each other and with the government sector in knowledge production and distribution" (p. 5).
Innovation systems may operate at the regional (sub-national), national, or international level. A National Innovation System (NIS) determines the innovation capability of a country. In other words, an NIS can be seen as a socio-economic system where different actors, such as companies, research and academic organizations, public administrations, professional mediators, and other formal and informal institutions interact. NISs necessarily exploit all available resources in a country, such as human, financial, infrastructural, and institutional resources. Moreover, an NIS requires the generation and dissemination of knowledge, in addition to the utilization of innovation. Finally, the results obtained by NISs can help achieve economic development. An NIS can also be seen as an intangible asset characterized by a set of interacting, underlying (or latent) components able to contribute to a country's economic growth, value creation and wellbeing. At the same time, considering an NIS as an intangible asset requires an appropriate measurement model for it.
The measurement of an NIS (and the corresponding country's innovative capabilities) requires the construction of special instruments to address the complex and multidimensional nature of NISs and adequately reproduce them. Composite indicators are instruments of this type. Various organizations and researchers have developed a number of composite indicators for the measurement of a country's innovative capability, such as the ArCo Index (Archibugi and Coco, 2004 ) Archibugi and Coco, 2005; Archibugi at al., 2009; Tijssen and Hollanders, 2006; Gogodze, 2013 for other composite indicators and their use).
The Global Innovation Index (GII, see (INSEAD, 2011-15) for further details) is used in this study. The GII is built on a hierarchical basis and includes two sub-indices composed of seven underlying constructs, named pillars. Each pillar is divided into sub-pillars, and each sub-pillar is the product of individual indicators. This study used the GII data for the period 2011-2015, at the pillar level. Note that we decided to use the GII because it reflects the extensive experience of previous studies and the current understanding of NISs and the mechanisms behind their functioning. In addition, the GII uses well-defined measurement tools, both the primary data and final indicators of the GII are subject to multiple external and internal tests, and the GII is regularly published and contains detailed data on more than 100 countries.
Theoretical assumptions and aims of the study
On the basis of the above considerations, we introduce the following definition: an NIS is an intangible (underlying) asset (capital) of a country and represents the resources and values of the NIS actors, and the current and potential sources of a country's future economic growth, value creation and wellbeing. Due to the lack of a global theory of NISs, there is currently no clear and full understanding of a country's NIS constituents. However, based on the measurement method introduced by the GII, we can suppose that an NIS contains seven components: Infrastructural capital (INFC), Human and Research capital (H&RC), Institutional capital (INSC), Market Sophistication capital (MRSC), Business Sophistication capital (BUSC), Knowledge and Technological capital (K&TC), and Creative Ability capital (CREC). These constituents of NISs should also be considered as intangible assets. We propose to understand them as hidden values of the corresponding NIS actors, and current and potential sources for a country's future development, measured by the respective GII constructs (i.e., GII pillars). We are also assuming that the abovementioned components of NISs form an interaction network, which defines the NIS functioning mechanism and its effectiveness. The aim of the present study is to investigate the channels through which different components of NISs interact with each other. Both the proposed conceptual framework and research hypotheses have been empirically tested in this study, using GII data.
Method Data
The GII is built on a hierarchical basis and includes two sub-indices: the Innovation Input Sub-Index, composed by five input indexes (pillars), and the Innovation Output Sub-Index, composed by two output indexes. On the next level, each pillar is divided into sub-pillars, and each sub-pillar is the product of the relevant individual indicators. In this study, we used the values of the GII pillars for the period 2011-2015. To give an intuition about the GII pillars' underlying concepts, in Table A1 1 we present the GII structure up to the sub-pillar level, with the corresponding names, as well as the notations used for them in this study. Details about the composition of individual indicators, data sources, processing techniques and country selection methods can be found in (INSEAD,2011-15) and are briefly discussed below.
The GII is the simple average of the above-mentioned input and output sub-indices. Sub-indices are also the simple average of the underlying pillar scores. We compute ach pillar score as the weighted average of its sub-pillar scores, and we derive each sub-pillar score as the weighted average of its individual indicators. The latter are obtained from various sources (their number and composition changes from year to year, and range between 79 and 84 in the GII, for the period 2011-2015). The GII is audited annually by the European Commission Joint Research Centre, which checks the conceptual and statistical consistency of its structure, and the impact of the crucial modeling assumptions on the GII scores and ranking.
In this study, we also use the World Bank classification of countries by income group, as it is presented in the above-mentioned GII publications. The distribution of the GII countries by income group is shown in Table A2 .
2 Based on the World Bank classification, in this study we use the following categorization: "high-income" countries (corresponding to the World Bank classification for high-income countries) and "non-high-income" countries (which include low-income, lower middle-income, and upper middle-income countries, according to the World Bank classification). The sub-samples of GII countries belonging to the high-income and non-high-income countries are named H-sample and nH-sample, respectively.
Analytical procedures
We used the Structural Equation Modeling (SEM, henceforth) analysis to assess the direct and indirect relationships among the components of an NIS. The core purpose of the SEM is to explain the pattern of a series of interrelated relationships of dependence within a set of latent (or unobserved) variables, measured using manifest (or observed) variables. There are two different techniques to perform SEM analyses: variance and covariance-based SEM. In this study, the variance-based partial least squares (PLS) method was used to evaluate the proposed theoretical model. This decision takes the following circumstances into account: the PLS method can deal with complex models, with a high number of variables and relationships; it allows working with small sample sizes and makes less strict assumptions about the variable distributions, as PLS is primarily intended for causal-predictive analysis of models not backed by strong theory (see Esposito Vinzi at al., 2010).
The analysis of the structural model proposed in this study involves the identification of causal relationships among latent variables, as presented in Figure 1 , and the assessment of the explained variance. We used the SmartPLS software (Ringle at al., 2015) to perform the SEM analysis. We carried out a bootstrap analysis in the SmartPLS framework to assess the significance of different statistical characteristics. No less than 5000 sampling generations were performed using a bootstrapping procedure to obtain the final statistical estimations. To investigate the homogeneity of the various groups of data, we used the SmartPLS procedure for Multi Group Analyses (MGA). We utilized the software G*Power 3.1.9 (Faul at al., 2007) to estimate the minimum sample size 3 . Our estimates showed that the minimum sample size to evaluate the model presented in Figure 1 is 77. Table 1 shows the descriptive statistics and correlations for the complete sample, as well as for the H-sample and nH-sample. As expected, Table 1 shows statistically significant differences between the H and nH sub-samples. For example, the mean value of the I11 indicator is 80.23 and 52.95 in the H and nH sub-sample, respectively; the correlation between the I12 and I14 indicators is 0.09 in the nH sub-sample, while the same correlation is 0.57 in the H sub-sample. Thus, a separate consideration for the two sub-samples seems needed. We return to this point below.
Results
(1) see Annex.
(2) see Annex.
(3) For the estimation, we used the following parameters: the test power P=0.8, the Cohen's indicator f 2 = 0.15, the significance level α=0.05, and the maximum number of predictors N = 3 (see Figure 1) , under the G*Power 3.1.9 options: "Linear multiple regression: Fixed model, R 2 deviation from zero," "F test," "A priori: Compute required sample size" (see Faul at al., 2007) . Notes: notation for GII pillars given in Table A1 , Annex. ***-p<0.01, **-p<0.05, *-p<0.1. Table 2 reports the results of the standardized path coefficients (or β coefficients) estimation for the proposed model. All path coefficients are statistically significant at the 1% level in the complete sample. The phase MRSC→BUSC is not significant, and all other phases are statistically significant at the 1% level in the nH sub-sample. In the H sub-sample, the phase MRSC→BUSC is statistically significant only at the 10% level, while the phases INFC →H&RC, INFC→MRSC, and K&TC→CREC are statistically significant at the 5% level, and all other phases are statistically significant at the 1% level. The explained variance (or Pearson's coefficient, R 2 ) of the dependent variable is a key indicator of the quality of a model. Table 3 reports our estimates of R 2 for the dependent variables in the proposed model. In addition, Table 4 reports the estimates of the magnitude/strength (or Cohen's indicator, f 2 ) for each structural path in the proposed model. The size effect assesses the magnitude/strength of the relationship between the variables in the model and shows how much an exogenous latent variable contributes to an endogenous variable's R 2 . Therefore, size effect is another key indicator of the quality of the proposed approach. Note: ***-p<0.01, **-p<0.05, *-p<0.1.
Let us consider now the issue of homogeneity across time, which is one of the fundamental assumptions of this study. To this end, we split the H and nH sub-samples into smaller sub-samples, by year, and conduct the relevant comparisons for the phase coefficients for each sub-sample, and for the H and nH sub-samples, respectively. Our results are reported in Table 5 . Almost all differences in the coefficients are statistically insignificant at the 5% level. The only exceptions are the differences in the phase INSC→H&RC coefficients (significant at the 1% level) and phase INSC→MRSC coefficients (significant at 5% level) for both the H sub-sample and the H-2011 sub-sample. This observation allows us to conclude that our assumption of homogeneity over time seems acceptable. To investigate the main features of NIS functioning in both high-and non-high-income countries, we have also compared the path coefficients of the H and nH sub-samples. Our results are reported in Table 6 . Note: ***-p<0.01, **-p<0.05, *-p<0.1. The differences between the path coefficients for the H and nH subsamples are statistically significant at the 10% level for the following  phases: BUSC→K&TC, INFC→H&RC, INFC→MRSC, INFC→INSC,  INFC→MRSC, INSC→ BUSC, INSC→H&RC, and INSC→MRSC, ( i.e., for 7 over 13 phases). The above-mentioned results suggest that the proposed model of NIS functioning is satisfactory regarding quality, as it relevantly shows the direction and magnitude of the interactions among the components of NISs.
Phase difference T-value by Parametric Test

Discussion
The model developed in this study provides empirical support for the proposed research hypothesis. Moreover, our results showed that the magnitude of the NIS components' interactions considerably depends on the level of economic development in a country. Table 7 presents the assessments of the overall effects of the NIS components' interactions. Note: Pillar I 21 "Knowledge and technology outputs" and Sub-pillar I 123 "Ecological sustainability" were named "Scientific outputs" and "Energy, " respectively, in the GII 2011. Sub-pillar I 223 "online creativity" was not introduced in the GII 2011. Note: H-High-income countries; UM-Upper-Middle-income countries; LM-Lower-Middle-income countries; L-Low-income countries.
